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appearance of the diaphragm, its variants and defects.
Materials and methods: Retrospective study of 142 scans of patients in their 20s–80s using 64 rows
MDCT from January 2010 to March 2011. According to Gale (1986), anterior diaphragm appear-
ance on axial image is classiﬁed into type 1: continuous, type 2: discontinuous, and type 3: broad.
Sagittal reformatted image is classiﬁed into type A: downward slope, type B: upward slope, and
type C: ﬂat. According to Caskey et al. (1989), posterior diaphragm defects are classiﬁed into type
1: localized defect with maintenance of its continuity, type 2: defect in parallel layers with mainte-
nance of its continuity and type 3: loss of diaphragmatic continuity.iodiagnosis Department, Fac-
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Table 1 Relation between axial im
Anterior diaphragm, axial images
Type 1 No.
%
Type 2 No.
%
Type 3 No.
%
Total No.
%
Spearman’s rho correlation.
* Correlation is signiﬁcant at the 0.05
** One case was excluded.
306 G.S. Seifeldein, E.A. ElhamdResults: Anterior diaphragm was assessed in 141 cases. On axial images, types 1, 2, and 3 were
found in 36.9%, 41.1%, and 22.0% respectively. On sagittal reformatted images, types A, B, and
C were found in 32.6%, 41.1%, and 26.2% respectively. One case had Morgagni hernia. Signiﬁcant
relationship between the types at the axial and sagittal images was found (r= 0.205, P< 0.05).
2.8% Posterior diaphragmatic defects. High signiﬁcant relationship between the age and diameter
of oesphageal hiatus was found (P< 0.05).
Conclusion: The multiplanar capability of MDCT is adding a new scope of assessment of dia-
phragm and its variants.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
All rights reserved.C
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221. Introduction
The normal variations of the diaphragmatic anatomy, as well
as diaphragmatic abnormalities, as demonstrated by computed
tomography (CT) have been previously reported [1–6]. Defects
and pseudotumours of the diaphragm have been described and
attributed to congenital variations, respiratory effects, or aging
[7].
Anatomically, the diaphragm is composed of two parts: the
lumbar diaphragm and costal diaphragm [8]. CT allows an
accurate depiction of the two crura, parts of the lumbar dia-
phragm that arise from the anterolateral surface of the ﬁrst
three right lumbar vertebrae and the ﬁrst two left lumbar verte-
brae. CT provides a precise image of the median and lateral
arcuate ligaments, which are part of the lumbar section. The
anterior or costal part of the diaphragm is usually more difﬁcult
to identify than the lumbar part on transverse images [9]. With
the advent of computed tomography (CT) as an imaging
modality for evaluating the thorax and abdomen, multiplanar
CT reformations are very useful for studying diaphragmatic de-
fects [10].
We aimed to assess the value of MDCT in depicting the ana-
tomic appearance of the diaphragm, its variants and defects.Anterior diaphragm configuration on axial images
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Figure 1 Bar chart demonstrates the relation between axial
images and sagittal images of anterior diaphragm.2. Patients and methods
2.1. Population of study
A retrospective study was performed in the period of January
2010 to March 2011 in Assuit university hospital. One hundred
and forty-two chest and abdominal CT scans were reviewedages and sagittal images of ante
Sagittal images of ante
Concave upward
22
15.6%
17
12.1%
7
5.0%
46
32.6%
level (2-tailed).retrospectively on workstation. Excluding postoperative cases
and those who had congenital skeletal deformity. MDCT
examinations were performed for various indications, includ-
ing follow-up of known abdominal and chest and/or abdomen
disorders, primary or metastatic tumour investigations, vascu-
lar pathology, and evaluation of infectious diseases. No
MDCT scan had been obtained speciﬁcally to evaluate the dia-
phragmatic disease. All studies were performed on 64 rows
MDCT with 0.65 mm slices. Either IV or oral contrast agents
were administered depending on the clinical indication. All
examinations were performed with the patient in the supine
position holding an inspired breath.rior diaphragm.
rior diaphragm Total P value
Downward slope Flat
21 9 52 0.015*
14.9% 6.4% 36.9%
25 16 58
17.7% 11.3% 41.1%
12 12 31
8.5% 8.5% 22.0%
58 37 141**
41.1% 26.2% 100.0%
Figure 2 Fifty years old male patient. Type 1 anterior diaphragm in axial image (A) The anterior diaphragm (long arrow) is a thin
curvilinear band that is concave posteriorly and smoothly continuous with the lateral ﬁbere of the diaphragm. Type A in sagittal
reformatted image (B) as a downward slope (long arrow) from the base of the pericardium to the xiphoid process on sagittal image.
Coronal reformatted image (C) demonstrates anterior diaphragmatic ﬁbere continuous with the lateral diaphragmatic ﬁbers (short arrow).
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MDCT data in all subjects were based on axial scans and mul-
tiplanar reconstructed (MPR) images. All data were post pro-
cessed using commercially available workstations. The
reconstructed images were evaluated simultaneously by two
radiologists.2.2.1. Review of axial images was performed as followings
1. The anterior diaphragm was assessed according to Gale
[11] into three major anterior diaphragmatic
appearances:
- Type 1 conﬁguration, in which the curvature of the ante-
rior muscle ﬁbers was concave posteriorly and smoothly
continuous with the anterolateral diaphragmatic ﬁbers.
- Type 2 conﬁguration, in which the anterior muscle ﬁbers
appeared to be generally oriented at an angle to the lat-
eral ﬁbers within each scan plane and were, therefore,
discontinuous in the midline.
- -Type 3 conﬁguration, anterior muscle ﬁbers lie
almost entirely within a single scan plane, and hence they
appear broad with angular, irregular, or poorly deﬁned
margins.2. The posterior diaphragm was assessed according to Cas-
key et al. [12]; three types of defects in the contour of the
diaphragm were deﬁned.
- Type 1 represents a localized defect in the thickness of
the diaphragm but with maintenance of the continuity
of the diaphragm. The width of the defect was typically
approximately 5 mm. There was no evidence of protru-
sion of omental fat beyond the diaphragm.
- Type 2 represents an apparent defect in the diaphragm in
which the muscle ﬁbers appear to separate into layers
parallel to the diaphragmatic contour. The continuity
of the diaphragm was maintained without protrusion
of omental fat.
- Type 3 represents any defect in which a portion of the dia-
phragmwas absent with loss of diaphragmatic continuity.
These defects varied from 5 mm in width to involvement
of almost the entire hemidiaphragm with protrusion of
omental fat.3. The cross diameter of the esophageal hiatus was mea-
sured and evaluated for the presence of intrathoracic
gastric herniation or intrahiatal omental fat.
4. Raised hemidiaphragm (eventration): complete or
partial.
5. Presence of pseudotumour represents a focal mass-like
area of lumbar diaphragm.
Figure 3 Seventy years old female patient. Type 2 anterior diaphragm in axial image (A) demonstrates The anterior muscle ﬁbers appear
to be oriented at an angle in relation to the lateral ﬁbers with midline discontinuity. Coronal reformatted image (B) depicts lateral
diaphragmatic line appears to open anteriorly toward the xiphoid as the muscular arch intersects the scan plane (dashed arrow). Type C in
sagittal reformatted image (C) demonstrates the ﬂat appearance of the anterior diaphragmatic ﬁbers extending (white arrow) between the
base of the pericardium and the xiphoid. Evidence of oesphageal hiatus hernia (arrowhead).
308 G.S. Seifeldein, E.A. Elhamd2.2.2. Review of Sagittal reformatted images was performed as
follows
Gale [11] classiﬁed the anterior diaphragm into three types
(types A–C) using 2 mm sagittal reformation images, based
on the shape of the anterior diaphragmatic ﬁbers traveling
from the base of the pericardium to the xiphoid: type A: a
downward slope, type B: an upward slope, and type C: a ﬂat
shape.
2.2.3. Review of coronal reformatted images was performed as
follows
Using 5 mm coronal reformation images the continuity and
integrity of the ﬁbers of costal and lumbar parts of the dia-
phragm and the attachment of anterior diaphragm into the
xiphoid process were assessed.2.2.4. Statistical analysis
Statistical analysis of the results was performed using SPSS
version 17 software. Data were expressed as mean ± SD
(standard deviation) and number (percentage). Spearman
rho correlation coefﬁcient and Chi-square test were used to
determine the signiﬁcance between non-parametric data and
the data were considered to be statistically signiﬁcant when
P< 0.05.3. Result
One hundred and forty-two cases were included in the present
study. The study group consisted of 86 (60.6%) males and 56
(39.4%) females, and the patients ranged in age from 20 to
86 years (mean age, 49.1 ± 15.4 years). Anterior diaphragm
was assessed in 141 out of 142 cases. 52 cases were (36.9%)
type 1, 58 (41.1%) were type 2 and 31 (22.0%) were type 3
when considering the anterior diaphragm CT appearance on
axial images Figs. 2–4.
On sagittal images, anterior diaphragm type A was found in
46 cases (32.6%), type B in 58 (41.1%), type C in 37 (26.2%)
out of 141 cases Fig. 2–4.
Type A was seen in 36.9% of type 1 cases, type C was seen
in 22% of type 3 cases, and type B was seen in 41.1% of type 2
cases. Statistically signiﬁcant correlation of axial and sagittal
images was found (r= 0.205, P= 0.015) Table 1 and Fig. 1.
No statistically signiﬁcance was found among age groups or
sex and CT appearance of the anterior diaphragm (P> 0.05).
The anterior diaphragm could not be assessed in one case
who was a female in her 70s who had wide anterior diaphrag-
matic defect with intrathoracic gastric herniation and gastric
volvulus Fig. 5.
Posterior diaphragmatic defects Fig. 6. were observed in
four cases ranging in age from 40 to 70 years. Two males
had a defect on the left side. One of them was type 1, and
Figure 4 Fifty-ﬁve years old male patients. Type 3 anterior diaphragm in axial image (A) depicts the anterior muscle ﬁbers lie anteriorly
within a single plane. Type B in sagittal reformatted image (B) as the anterior diaphragmatic ﬁbers (white arrow) has an upward slope
from the base of the pericardium to the xiphoid process. A coronal reformatted image (C) depicts the relationship of anterior
diaphragmatic ﬁbers inferior to xiphoid that appear broad (white arrow).
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eral defect, one of them was on the right side and the other one
was on the left side with omental fat herniation. None of the
cases in the 20s or 30s demonstrated defects.
Pseudotumour were found in 17 (12.0%) out of 142 cases
Fig. 6. 82.3% of them in their 50s through 80s group. Only
1.4% of the cases in their 20s through 40s had pseudotumour.
Widening of oesphageal hiatus was found in 79 (55.6%) out
of 142 cases Fig. 7. Thirty-three (58.9%) females and 46
(53.5%) males; with mean cross diameter was 19.41 ± 8.38
mm and 17.13 ± 5.158 mm for females and males respectively.
A highly signiﬁcant relationship between the age and diameter
of hiatus with P value <0.05 Table 2.
Eventration of diaphragm was observed in ﬁve cases. Four
of them were complete and located on the left side Fig. 8 and
one was partial and observed on the right side.
4. Discussion
The diaphragm is a dome-shaped, musculotendinous structure
located at the bottom of the pleural cavity and at the top of the
abdominal cavity. CT provides a precise image of the two
crura, median and lateral arcuate ligaments, which are part
of the lumbar section. The anterior or costal part of the dia-
phragm is usually more difﬁcult to identify than the lumbarpart on transverse images [13]. Indeed, when the diaphragm
abuts structures of similar attenuation, such as the liver or
spleen, the outline of the diaphragm is not visible. These facts
explain some of the limitations in the diagnosis of diaphrag-
matic tears at axial imaging [14].
Presently, MDCT enables acquisition of volumetric data,
eliminating respiratory motion while providing good-quality
sagittal and coronal reformation images that are well suited
to the evaluation of the diaphragm and improve the
accuracy of CT in the diagnosis of diaphragmatic injuries
[15].
As described by Gale [11], the muscle ﬁbers that extend
from the dorsal surface of the xiphoid and anteromedial costal
cartilages to the middle leaﬂet of the central diaphragmatic
tendon are shorter than those that lie laterally and posteriorly.
The direction of their orientation depends on the cephalocau-
dal position of the middle leaﬂet of the central tendon relative
to the xiphoid. Thus, he described three appearances of dia-
phragm anteriorly and found 48% type 1, 28% type 2 and
11% type 3 of 176 cases. While, Cho et al. [16] found 30.9%
type 1, 38.3% type 2, and 30.9% type 3 out of 81 cases. Nearly
similar results with Gale series in the present study are found
with 36.9% type 1, 41.1% type 2 and 22.0 % type 3 out of
141 cases, type 3 is the least group that is consistent with the
Gale series’ results.
Figure 5 Seventy years old female patient. (A, B, C) Axial images; sagittal and coronal reformatted images revealed wide defect of
anterior diaphragm (two long white arrows) through which stomach (asterisk) herniating into the right hemithorax with surrounding fat.
(D) Axial image at the lower cuts revealed a posterolateral defect of left posterior hemidiaphragm with omental fat herniation (long
arrow).
310 G.S. Seifeldein, E.A. ElhamdGale [11] reported that if the middle leaﬂet is more cephalic
than the xiphoid, then the anterior ﬁbers curve downward
from the middle leaﬂet to their insertions on the xiphoid
and costal cartilages. As the muscular arch crosses the trans-
verse scan plane, the intersection of the two forms a broad
curvilinear arc concave posteriorly. Therefore, on CT scans
the posterior and lateral ﬁbers are part of a continuous arc
of anterior diaphragm closed anteriorly by similarly sloped
anterior ﬁbers. If the apex of the middle leaﬂet of the central
tendon is inferior to the xiphoid, the anterior diaphragmatic
ﬁbers extend upward from the central tendon to the xiphoid
and anterior costal margins. On CT scans, the smoothly
curved lateral and posterior diaphragmatic line appears to
open anteriorly toward the sternum as the muscular arch
intersects the scan plane. It the middle leaﬂet has a shallow
curvature and is near the same cephalocaudal level as the
xiphoid. Therefore, the short anterior ﬁber ﬂattens near its
leaﬂet attachment. As a result, the muscle ﬁbers are more
nearly parallel to the scan plane and therefore remain almost
entirely within it. In this arrangement, the muscle ﬁbers ap-
pear on CT scans as a broad band with an irregular, ill de-
ﬁned or angular margin.
According to this, on sagittal reformation images, we found
type A in 32.6%, type B in 41.1%, and type C in 26.2% out of
141 cases regarding the shape of the anterior diaphragmatic ﬁ-
bers traveling from the base of the pericardium to the xiphoid
compared to number of types A, B, C on the sagittal reforma-
tion images studied by Cho et al. [16] which were 33.3%,
22.2%, and 44.4% out of 81 cases respectively. Statistically sig-
niﬁcant correlation of axial and sagittal images was found
(r= 0.205, p< 0.05) which is consistent with the study of
Cho et al. [16] who found a signiﬁcant agreement (r= 0.868,
p< 0.01). No statistically signiﬁcant correlation was foundamong age groups or sex and CT appearance of anterior dia-
phragm (P> 0.05).
An understanding of the anatomy of the anterior portion of
the diaphragm is essential to the correct diagnosis of Morgagni
hernia. The presence of bowel anterior to the heart, usually
transverse colon on lateral chest radiographs or liver on ultra-
sound, suggests the presence of Morgagni hernia. But CT is the
most sensitive as it gives excellent anatomical detail on the con-
tents of the hernia and its complications such as strangulation
[17]. Incidental ﬁndings of this condition in adults are less com-
mon with only 81 asymptomatic cases reported in a recent
review accounting for only 3% of all treated diaphragmatic
hernias. Hernia of Morgagni occurs through an anterior defect
in the diaphragm but usually presents in adulthood through a
paramedian defect. In contrast, it occurs in a central retroster-
nal location in children. It could be an incidental diagnosis in
adulthood or can present with obstructing symptoms of the
herniated viscera. Symptoms of these hernias are attributable
to the herniated viscera [18]. One case was found in this study
who was a female in 70s presented with epigastric pain and
vomiting. MDCT depicted a wide anterior diaphragmatic
defect with intrathoracic gastric herniation into the right hem-
ithorax with the distal antrum and pylorus assuming a position
cranial to the fundus and proximal stomach suggestive of mes-
enteroaxial gastric volvulus. In a review of the literature, Cou-
lier and Broze, [19] and Rai et al. [20] have described similar
series of cases of symptomatic hernias presented in elderly
patients.
Discontinuity of the diaphragm between the crura and the
lateral arcuate ligaments is a normal variation encountered
in 11% of normal patients and should not be confused with
diaphragmatic rupture [21]. The prevalence of posterior lateral
diaphragmatic defects or asymptomatic Bochdalek hernia in
Figure 6 CT appearance of posterior diaphragm. Axial image (A) demonstrates left posterior diaphragm type 1 (long arrow); this is not
a complete rent, as seen by the threadlike connection with pseudotumour beside it (short arrow) in 40 years old male patient. Axial image
(B) demonstrates left hemidiaphragm posterior defect type 2 (arrow); apparent defect of its posteromedial aspect into layers parallel to the
diaphragmatic contour in 55 years old male patient. Axial image (C) demonstrates type 3 (long arrow); focal posterolateral defect of the
right hemidiaphragm with omental fat herniation in 60 years old female patient.
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association with aging suggests that atrophy can be related
to an acquired loss of diaphragmatic muscular integrity [22].
Only four among 142 cases were aged 40–70 years in this
study. Two males out of four cases had posterior diaphrag-
matic defect, one was type 1 and the other was type 2. Another
ones were two females had type 3-posterolateral defect with
omental fat herniation.
Pseudotumours represent a ‘‘bunching’’ of muscular tissue.
In association with diaphragmatic defects, they represent an
area of markedly contracted muscle adjacent to an area void
or nearly void of muscle tissue. The authors postulated that
the cause of pseudotumours was related to the increasing laxity
with age of the connective tissues that bind the diaphragm, as
well as decreasing muscle tone, leading to nonuniform contrac-
tion and redundancy of the diaphragm. Differential diagnosis
of these pseudotumours from pathologic lesions is based on
their continuity peripherally with the diaphragm and their sep-
aration from the hollow viscera by subdiaphragmatic fat [23].
We demonstrated 12.0% of 142 cases reviewed had pseudotu-
mour with an increase to 82.3% in the patients aged 50–
80 years.
Eventration of the diaphragm is an abnormal elevation of an
intact diaphragm. It can be congenital or acquired. Congenitaleventration is the result of incomplete muscularization of part
or the entire membranous diaphragm during foetal life, whereas
the acquired form may be secondary to trauma, inﬂammation,
or neoplastic invasion of the phrenic nerve [24]. The unbroken
continuity differentiates it from diaphragmatic hernia. Total
eventration shows marked left-sided predominance for which
there is no acceptable explanation. Localized forms of the con-
dition are relatively common, particularly in the elderly and pre-
dominantly affect the right hemidiaphragm at its anteromedial
aspect. Differentiation from diaphragmatic paralysis is difﬁcult
in the latter condition almost no downward displacement occurs
during deep inspiration whilst in eventration the hemidia-
phragm usually shows some downwardmotion, as there are still
some functioningmuscle ﬁbres peripherally [25]. Five cases were
observed in our study, one observed on the right side was partial
and occurred on the anteromedial aspect of the right hemidia-
phragm. While the other four cases observed on the left side
were complete with upward displacement of stomach and colon.
Hiatus hernia was diagnosed on CT when the diaphrag-
matic crura are separated by more than 15 mm, and the hernia
produces a mass of soft-tissue density that protrudes above the
hiatus and which may be surrounded by mesenteric fat and
large hernias may result in the entire stomach entering the
chest [26].
Figure 7 Seventy-nine years old female patient. Coronal , axial and sagittal (A, B, and C) images respectively and scout (D) image depict
large hiatus hernia as widening the esophageal hiatus containing stomach (black arrow) and part of pancreas (white arrow).
Table 2 Relation between hiatus hernia and age group.
Hiatus hernia, axial images Age group Total
20 30 40 50 60+
No No. 16 10 18 13 6 63
% 15.8% 16.1% 23.0% 20.9% 4.2% 44.4%
Yes No. 4 5 16 21 33 79
% 2.8% 3.5% 11.3% 14.9% 23.4% 55.6%
Total No. 20 15 34 34 39 142
% 14.2% 10.6% 24.1% 24.1% 27% 100.0%
P value 0.000*
* Chi-square test. P value <0.05 is signiﬁcant.
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cases with intrahiatal omental fat herniation in 9.9% of cases.
Large hiatus hernia with intathoracic gastric herniation was
observed in two cases. One of them showed intrathoracic
herniation of pancreas and omentum. A highly signiﬁcant rela-
tionship between the age and diameter of hiatus was found.
The muscular diaphragm is a dome-shaped three-
dimensional structure; transaxial images are often oblique to
the diaphragm. Various imaging investigations may be used
in diagnosis: Plain chest radiography, ﬂuoroscopy, barium
studies, ultrasound, helical CT, MDCT, magnetic resonance
imaging, laparoscopy, and laparotomy but MDCT is the
most-preferred non-invasive procedure among these [27]. The
diaphragm can be thoroughly evaluated using axial and multi-
planar reconstructed MDCT images, and diaphragmatic de-
fects can be diagnosed much more easily and with greatercertainty. Two major factors are mainly responsible for this
improvement. Indeed, in-plane spatial resolution has increased
for more precise visualization of subtle signs such as focal
indentation of the liver on axial images, and a higher longitu-
dinal spatial resolution has allowed more accurate analysis of
the diaphragm [28].
Identiﬁcation of morphology of diaphragm is important to
enable correct and early diagnosis of diaphragmatic rupture
and decrease the false negative or false positive results as not
all diaphragmatic defects are rupture. Asymptomatic posterior
defect or eventration may mimic diaphragmatic rupture.
Therefore, the coronal and sagittal planes are better suited to
the analysis of the diaphragm.
In conclusion, the multiplanar capability of multidetector
CT is an emerging tool to depict the diaphragm adding a
new scope of assessment of anterior and posterior diaphragm
Figure 8 Fifty years female patient. Scout chest (A), axial, sagittal and coronal reformatted images (B, C, and D) demonstrate
eventration of the left hemidiaphragm with colon lying beside it.
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terior diaphragmatic defect, pseudotumour and widening of
hiatus hernia. Agreement was found between axial and sagittal
reformatted images. High signiﬁcant relationship between the
oesphageal hiatus hernia and age was also observed.References
[1] Naidich DP, Megibow AJ, Ross CR, Beranbaum ER, Siegelman
SS. Computed tomography of the diaphragm: Normal anatomy
and variants. J Comput Assist Tomogr 1983;7:633–40.
[2] Tarver RD, Goodwin JD, Putman CE. The diaphragm. Radiol
Clin North Am 1984;22:615–31.
[3] Patterson NW, Teates CD. CT measurements of the anterior
portions of the diaphragm with illustrative abnormal cases.
Comput Radiol 1985;9:61–5.
[4] Kleinman PK, Raptopoulos V. The anterior diaphragmatic
attachments: An anatomic and radiologic study with clinical
correlates. Radiology 1985;155:289–93.
[5] Williamson BRJ, Gouse JC, Rohrer DC, Teates CD. Variations in
the thickness of the diaphragmatic crura with respiration. Radi-
ology 1987;163:683–4.
[6] Anda S, Roysland P, Fougner R, Stovring J. CT appearance of
the diaphragm varying with respiratory phase and muscular
tension. J Comput Assist Tomogr 1986;10:744–5.[7] Panicek DM, Benson CB, Gottlieb RH, Heitzman ER. The
diaphragm: Anatomic, pathologic, and radiologic considerations.
Radiographics 1988;8:385–425.
[8] Lee JKT, Sagel SS, Stanley RJ. Computed body tomography.
New York, NY: Raven; 1989.
[9] Iochum S, Ludig T, Walter F, et al. Imaging of diaphragmatic
injury: A diagnostic challenge? Radiographics 2002;22:S103–18.
[10] Pineda V, Andreu J, ´ C´ac´eres J, et al. Lesions of the cardiophrenic
space: ﬁndings at cross-sectional imaging. Radiographics 2007;27:
19–32.
[11] Gale ME. Anterior diaphragm: Variations in the CT appearance.
Radiology 1986;161:635–9.
[12] Caskey CI, Zerhouni EA, Fishman EK, Rahmouni AD. Aging of
the diaphragm: A CT study. Radiology 1989;171:385–9.
[13] Eren S, Ciris F. Diaphragmatic hernia: Diagnostic approaches
with review of the literature. Eur J Radiol 2005;54:448–59.
[14] Restrepo C, Eraso A, Ocazione D, et al. The diaphragmatic crura
and retrocrural space: Normal imaging appearance, variants, and
pathologic conditions. Radiographics 2008;28:1289–305.
[15] Israel RS, Mayberry JC, Primack SL. Diaphragmatic rupture: Use
of helical CT scanning with multiplanar reformations. Am J
Roentgenol 1996;167:1201–3.
[16] Cho BS, Kim SJ, Park KS, Cha SH, et al. Computed tomo-
graphic appearance of the anterior diaphragm: Evaluation with
64-slice MDCT. J Korean Radiol Soc 2007;57:229–33.
[17] Loong TP, Kocher HM. Clinical presentation and operative
repair of hernia of Morgagni. Postgrad Med J 2005;81:41–4.
314 G.S. Seifeldein, E.A. Elhamd[18] Arora S, Haji A, Ng P. Adult Morgagni hernia: The need for
clinical awareness, early diagnosis and prompt surgical interven-
tion. Ann R Coll Surg Engl 2008;90(8):694–5.
[19] Coulier B, Broze B. Gastric volvulus through a Morgagni hernia:
Multidetector computed tomography diagnosis. Emerg Radiol
2008;15:197–201.
[20] Rai S, Kamath M, Shetty A, et al. Symptomatic Morgagni’s
hernia in an elderly patient. J Emerg Trauma Shock 2010;3(1):
89–91.
[21] Gale ME. Bochdalek hernia: Prevalence and CT characteristics.
Radiology 1985:449–52.
[22] Temizo¨z O, Genc¸hellac¸ H, Yekeler E, et al. Prevalence and
MDCT characteristics of asymptomatic Bochdalek hernia in adult
population. Diagn Interv Radiol 2009. doi:10.4261/1305-3825.
DIR.2750-09.1.
[23] Rosen A, Auh YH, Rubenstein WA, Engel IV, Whalen JP,
Kazam E. CT appearance of diaphragmatic pseudotumours. J
Comput Assist Tomogr 1983;7:995–9.[24] Hesselink JR, Chung KJ, Peters ME, Crummy AB. Congenital
partial eventration of the left diaphragm. Am J Roentgeno 1978;
131:417–9.
[25] Verschakelen JA. The chest wall, pleura, diaphragm and inter-
vention. In: Textbook of Grainger & Allison’s diagnostic
radiology. 5th ed. Vol 1. Adam A, Dixon AK (editors), Churchill
Livingstone, 2008;457–500.
[26] Chapman AHA. The salivary gland, pharynx and oesophagus
section 3: Abdomen and gastrointestinal tract. Textbook of
radiologyand imaging. David Sutton (editor) 7th Ed. Vol. 1.
Churchill Livingstone 2003; 533–74.
[27] Tarver RD, Conces DJ, Cory DA, Vix VA. Imaging the
diaphragm and its disorders. Thor Imag 1989;4:1–18.
[28] Chai Y, Zhang G, Shen G. Adult Bochdalek hernia complicated
with a perforated colon. J Thorac Cardiovasc Surg 2005;130:
1729–30.
